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Assay 



Field of VbB Invention 

Tlifi invention rtlates to fin assay (bvio^ amethod of perfonnmg an assay^ and a method of 
making an assay device. 

Bacl^ound of £he Invention 

Assay devices 'wliich employ immunoGhromatogregphiG prixiciples aid well knovrau 
Parliciilady conunon are "laiiezal fiov^ assay devices. In device of tibie lateoral Oxm type> a 
labelled t^ecific bidding reagent is ieleasab](y immobilised on a strqp of porous maceriaL A 
liquid ffimple is applied to one end of £he poious sinp and the cly^ilUry properties of ftie strip 
transports the liquid sample along the strip, ideasing the labelled speoifio binding xe€^;mt» 
wliidi binds specifically to the analyte of interest (at a fiist binding site tiiereof)» if present, 
in tiie sample. Tbe labelled binding reageni; is then gmexally captured at a teatt zone by a 
second reagent having specific binding for a sec^d binding site of the analyte of interest. 
Exx;ess labdkd binding reagent is llien typically captured at a control 2x>ne» downstream of 
. the test zone by a control reagent vdiicli binds specifically to the labelled reagent. Assay 
devices of this Qrpe are described in ftirtiier detail 2n» for ^cample BP 0 291 194. 

In a Icnown lateral flow ass^ device (of the sort disclosed in EP 0 291 194 and EP 0 S60 
41 1), such as the Clearbhie^'"^ pregnancy test kit (available firom Unipath Ltd, Bedford UKl), 
which works by detecting the presence of hCC in a urine sample applied to the test device^ 
two visible signals may be generated. One signal is a "control' signal^ and is formed by the 
localization of derivatised blue latex beads: the latex beads are coated with an 
immunoglobulin molecule and are captutred by a capture antibody^ deposited in a line on the 
test stick generally pezpondicular to the direction of sample flow, tihe capture antibody 
having specific binding activity for tiie immunoglobulin earned on the beads. The 
geneiration of this signal informs the usetr thatr 
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(i) neither the uranwoglobulin on the latex bead, nor the captare w^iody on flie test 
stick, have been sufifidenUy denataced or oftheiwise degraded dudng raannfecture or 
storage of the test kit sigoificantly to interfeie vAtb. tb& apeoifio binding between the 
two indieGuIes; and 



(n) sufficient liquid sample has been applied to moBiHse the teleaaably immobilised latex 
beads and to nansport &em along the test stick at least as fer as the "conteol" zone, m. 
wbidbi the oaptuie antibody is located. 

•n»e significance of CO is fliat Ihe nmnnnoglobiilin on the test stick is one which binds 
specifically to the analyte of inUoesL The control signal indicates that the capture antibody 
and the lfliie>c4>OTind antibody ate stiU eapsbte of associating, which impUes that other 
inwoMaDglobiiKn-based leagpnts (such as an analyte-spedfic inummoglobulin reagent) in the 
test Ml should equally have ret^d fhsit sipecifio bmdhig activity. The significance of Oi) is 
Ibat the 'coittiDl' zone is located downstream of the test zone', in which the analyte is bound 
(together wifih any specificsdly^assodtated lateK-labeUed immunoglobulin) by a fiiriher 
analyte-apecific immunoglobulin, dq^oslted in a line on liie test sdok, generally 
perpendicular to the direcdon of flow of the sample. Hie line of immobilised annlyte- 
spedfic unmunoglobulitt in the test zone is substantially parallel to» but upstream o^ tlie line 
of immolnlised antibody in the control zone. 

In this way, a urine sample contahnng hCG contacted wJHi the test sUck hi a coirectly- 
perftttmed assay, wm cause the d^sition of IslejK beads in bt^ 

test aone, tesiHting in the fonnatioB of two bhifl Unes visible to the user, one Ihie in &e 
control zone and one line in the test zone. 

The instmotions provided vn&k the kit direct the user to read the assay result 1 mhaute after 
removhig the test stick fixana contact with the sample. Acoordmgly it is necessary for 1h« 
user to have access to an externa! timer in order to read the a^y result after the conect time 
interval has eleqpsed. 
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The label is geueially a direct label, which is readily visible to the naked eye^ so that a viauai 
signal is generated vfhet^ver the labeUed reagent accumulates in $uf5cient amount. 

A problem witti dus typ^ of assay device is thdt it takes a little while, afisr removing the 
as^y device &om contact with the liquid sample, for the test signal to appear. Clearly the 
usw would like to read the result of the assay as soon as i>ossible hut» equally^ the user 
requires confidence that sufficient time has elapsed for the proper assay resxilt to have been 
obtained and tibat the test is jaot being tead too ^ly, ^mtfaout having to wait an mordinately 
loxifi period. 

hi order to address this problem, it is koovm to incorporate a *Himer*^ into an assay devicet as 
dssctibed in EP 0 826 777. In particular, EP 0 826 777 discloses an assay device vAntii 
conqprises, in addilion to die usual assay iieageitts^ a variety of componmts which mtetact a 
pre-determined time interval after application of the sample to die test dovico, to create a 
d^etable colour change. These additional Huner' rmgeuts are dqiosited in a 'timer* section 
of the test strip and^ upon hydration by the sample, interact to produce a colour change. 

1x1 addition, the 'timer' reagents are also ^d to perform quality'-coniral function* It is 
generally undesirable if assay devices are exposed to moisture. Etowever, since the timer 
feagent when hydrated pmducm a colounnl product» the timer will reveal if tiie device has 
been reposed to moisture. The Equality contcor fhnction is liowever very limited, as it 
indicatesoniy that the de^ce has been exposed to an ynqumitifiad^ The 
armngement disclosed in EP 0 826 777 cannot indicate^ for ^Kample, whethv the test 
reagents have retained their spedlfic binding properties^ which can deterioca:^ with time, 
especially if the assc^ device has been stored in conditions of temperature, fiur instance, 
which are sub-optimal* 

Sommary of the Invention 

In a first aspect the inv^on provides an assay device to detemnne the presenco of at least 
one analyte of interest in a liquid sample, the device coniprisiag means f<^ generating^ a first 
signal (the *test' signal) wMcJiindUlcates the presence axid/oraniount of an^^ 
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the sample; and means for generatmg a second signaU a» generatiori of vvWch second signal 
Indicates both that 

(a) tiiie test has beexi successfully conducted, and 

(b) sufficient time has elapsed following conJact of ^e assay device with Ae liquid saR9>le 
for ihe test to be read and the first signal to have been properly geneifftedi 

Preferably the assay device is of the hninunochroimtographio type, mow especially ft lateral 
flow hamunodbTomatographie assay device. 

Hie analyte of interest may be any suitable molecule such as a polypeptide or peptide, 
tiudeic acid, steroid or the like. Conveniently the analyte is a horaione. In a particular 
eanbodiment the ajaalyte is a sex hotmoae such as luteinising ionnone (LH> OX a pregnancy- 
associated honnone, such as human chorionic gonadotrophin (hCG) In other embodimraits 
the analyte of interest may be a djrag of abuse, such as an opiate, amphetamine or cocaine. 

The Hquid sample may be an aivironmental liquid (e.g. water from a source such as a river, 
lake or ocean, or an aipieous solutionO but more preferably is a sample of a body fluid 
oampristog, fbr example, blood, plasma, serum, saliva, urine, sweat, lachrymal fluid, vaginal 
fl^ and the like. Of fte fbregoing. urine is the preferred sample, since it can be readily 
obtained wiftout ravasiva samplmg tedmiqoes and is a relevant sample for flie prefened 
analyte, hCO. 

•n»e first and/or second signals may, for rastance, be visible signals. Generally it is preferred 
that both ihe first and second signals are visible signals. The means for generating the 
x«spective first and second signals will generally be of conventional type. For instance, the 
first or lest* signal and the second signal may both be formed by the capture or localisation 
of coloured latex beads or other dhectly-labelled specific Wndmg reagent, generally as 
disclosed in EP 0 291 194 and EP 0 5fi0 411. It will be aipparent to those skilled in the art 
that the teat device may be used to test for the presence of more than one analyte of inteieat 
in a sample. For example, two different analyte-giecific binding reagents may be provided 



10025724 09-Jan-02 02 



TO PO NEWPORT FfiK 



P. 14 




on ibe device^ each specific for a respective analyte of interest. Tha ^^fitsT test sigjtial may 
th^efore comprise^ in some eaoibo^ineiitsB a phu^ity of differexit signals^ each signal 
corresponding to the presence or absence of a respective analyte. The term '*first signal" 
should therefore not be construed as being limited to the generation of a single test signal. 

In addition, it is at least possible that the '^second*' signal may itself comprise a plurality of 
signals. For exBiiQ>le, whilst it is preferred for the second signal to fae generated at a single 
location, it is also possible for the second signal to be generated at two differexit locations on 
the assay device eg. a "contioF zone -which indicates the control ^gnal, smd a "timer" zone 
which indicates the "timer** signaL In such ^nbodiments, where the two components of the 
second signal are generated at dU&xent locadons, it is preferred that the control signal 
the timer signal are generated (a) snbstanliaily simultaneously within 1-5 seconds Of 
each other) and/or (b> by tbie s^one signal-generBting reagent. One means, for example, for 
obtamit)® substantially simultaneous generatiau of a two-component control/timer signal is 
to provide the control :s:one and the timer zone at pomts on the assay device which axe 
rc^hed substantially simultaneously by the re^^ectlve ccanlrol and tixaer signal-generating 
reagents^ Where the control and timer signal-i^tadng reagents have substantially the 
same rate of progression along the test sti(^ the control and timer zones may be laovided in 
a side-by-side xelatijonship. 

Prior ait ass^ deviceSj* such as the assay device provided m the dearbloe^^ test* kit include 
means fw generating a first, ^tBst% signal and a second ^ccnfror signal^ the second signal 
indiootbig that the test has been successfbUy ccmducted. However, in &e assay device 
provide in the Clearblue^'"^ test Mt there is no means of ensuring thm the comrol sigx^al 
appears only afteor a specific, pre-detsnnined interval following contact of tbe assay device 
with the sample^ and which coinexdea vdth the desired lime point at whidi the assay result is 
intended to fae read. In contrast, at is an essential requirement of the present invention that 
ihe signal which acts as a control signal (i.e, that indicates that the test reagents xet^ 
sufficient functionality and specific binding property tfor a meaningfcd test result to be 
obtained) to indicate that the test has been euccessfixUy conducted will only be generated a 
specific^ predetermined time aftes* the device has been contacted with the sample* whicli 
time also coincides with the time pomt at vMch the assay result is inten^d to be read. 
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In this way, the second signal not only acts as a cofittol signal but also as an mtegcaJ assay 
"timers In lise therefore the assay device gives nse to a signal which has at least two 
dLstmet purposed. 

In particular, it is necessary for ft© assay device of the invention to be arranged so ihat the 
second signal (the dual-purpose control/tlmer signal) is fonned only at a time when the first 
signal (the test sigoaT) will have been properly formed i.e. a positive test signal if the aialyte 
of interest is present in ^e sample, and a negative test signal (which can be relied on with 
confldenoe) if the analyte is not present or is present at a concentration beneadi the minimum 
sensitivity claimed iot the assay device. In practice a negative result is nomially indicated 
by die non-appearance of a visible signal in the test zone. 

A typical assay device, such as the Clearblue^™ pregnancy test kit, is ready to be read about 
1 minute after removing the device from contact with ttie sample, tfce device usually being 
held in a urine sb^am for about S seconds. In pie&rred embodiments fterefore an assay 
device in acccadance with the present invention will give rise to the second signal about 1 
minute after die device is removed fi»m contact with sample. However, othet' assay devices 
may normally be read after ofter time mtexvals (e,g. anything fifom 30 seconds to 5 minutes) 
and in other embodimrats 1heapefi>re the second signal may be fonned at a time more or less 
than 1 minute afiec contact with the sample. 

A great variety of methods may be employed to control the tim« whidh elapses between 
contacting the assay de^ce with the sample and the fonnadon of fi^^ second signal. These 
include, but aie net limited to: 

methods which nxsdulate the time token for smapVs to be trdnspoited to ibs control zxme 
and/or method^ which modulate the time taken for the latex bead or other signal-senerating 
reagent to reach the control zone. 

In the Clearblue^™ ass^ device^ the second signal <?-e- the ^control* signal) generally 
appears about 20 seconds after removing the assay device from contact with the san^le. 
Acoordu]^y, in order to modiQr a conventional Clearblue?^™ assay device to conform to the 



p. 16 




i^qijdretneats of the present invention it woiild be necessary to delay lii^ dppesumce oS ^ 
second signal by about 40 seconds^ in order to indicate to the user vdien 1 mimde had 
el^sed and that the test resvlt "wzs ready for reading. 

Methods of achieving such a delay in Ibe appearance of the second signal inolwie one ot 
more ways of iredudng the flow rate of the san^ple and/or signal-jgeneratins reagent(a) wittun 
the device^ such as: 

(i) inoreasuig the size of the latex bead or other moiety attached to the signal-gCTieratmg 
rei^ent; 

Of) altering the rheologlcal pdoperties of the ^anple e.g. by incotpcnia^g a flow rate 
inhibitor into the assay device this ooidd compnse^ for example, incorporating an 
efifecdve amount of a polyhydric compomd, i^cb as a sugar (e»gt sucrose) ot other 
viscosrSor into the wick or other portion of the device, the compound being 
rBsnspended upon contact with the sample and altering ffae riieological properties 
thereof, specifically Ihe viscosiQr of the sdn^le; 

(iil) alterii^ the flow properties of the assay device e.s. by selecting a membrane viath 
difObient flow properti^ (e.g. difBsxwt porosity and/or of difiTerent material) or by 
laminating one or both suid&ces of the membrane (typically lamination only of the 
upper satface: that is» &e sur&ce v^dh is ftrther from the obSftrveir when the assay 
result is read). It may be desirable to use an assay device which emprises a test strip 
composed of two parta: an iqpstream part with a membrane of relatively high flow 
rate* and a downstream part between the test zone and the conbol zone» with a 
membiane of relatively low flow mte. 

Ahemallvely^ a delay m l3ie appearance of the second signal could be obtained by increasing 
the distance the sample (together with resuspended signal-generathig reagent) is reqidred to 
migrate within the assay devioe before axrivioe at the control zone. This can be effected 
aunply by moving the control zone forther downstream, away fixnn the vAck. Another 
approach is to have the second signal qppear at substentially the same time as hi &e 
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conventianaL ClearWuc^™ <tovlce but to decareaae ibe time takm for fixe test teactLon to 
produce the first signal in the test zoos. This laay 1» eEfocted by moving the test zone 
further upsbcftdm, towards the wick. la eitha ^roach, the net result is to increase the 
spatial (and heiwe temporal) separation between the teat and eoatrol zoxws* so that Hie test 
and control signals are simultaneonsly leady for reading. 

Another type of approach does not afSfect the generation of the signal, but lacflier ainos to 
impose a delay upon its detection or percepdon by a user. Thnu, for example, where the 
second signal is the appearance of A coloui»d line, spot or other maifc or visible signal, the 
desired effect can be obtained by mcreasiog the delay before the generated visible signal is 
seen by a user. For instance a iianslucent covering may be applied to the control zone thus 
faxcompletely obscuring the control zone to the user. This may be accomplished, fiw 
example, by e^plying a translucent layer of plastics laminate or other material to the lower 
sor^ of tibe control 2one (i.e. that side of the test stick vMda is ejcamined by anser to read 
the assay result). Suitable materials tochide ARcare"^ 7823 (avaUable ftom Adhcsives 
Research fiorope Ltd, Great Dunmow, Essex, UK), and S/S "fi»sted silvef' lamhiate, 
(available &<m "Dssviea Industrial Supplies, Letobworth, HertSp UK). 

It will be ^jparent to those skilled in the art that none of the methods discussed above are 
mutually axclusive and any of the methods may be used in isolation or in conjimction with 
any one or more further methods. Moreover the list is in no way hitended to be exhaustive, 
and Other tnefhods of achieving the desired objective may be ^parent to ihosB skilled In the 
art given Ifae benel&t of the present disolMure. 

It will also be apparent that, in those enAodhnents where it may be desired to decrease the 
time taken for the second s^oal to be generated, &en genesally doing the opposite of die 
mediods outlined above will adiieve the desited ef&cL 

A duffaer sifinifiean* preferred fsature of the invention is to reduce what may be termed as 
the **signal development" time. This is Ae period of time taken for the second signal to 
develop, ficom its initial appearance, pesceivable by some observers (s^, less than 20%), into 
an uoambigoous clear ^gnal perceivable by over 95% of observers (selected al tandom &om 
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the human population). Thus, for eTCample, the control signal of the coxxvexittonal 
Clearblue™ assay dwico has a relatively long signal development time* talriag about 15 
seconds to develop fiom the first feint hive tinge in the control zone to a strong, deSnite blue 
mark which is readily apparent. Whilat thi? is acceptable where the signal perfotxns merely 
the single function of actuag as a control indicator^ a long sxgDsl development time is 
DQtxdeskable where the signal is also intended to act as a timer, smoe it introduces uncertainty 
into the mind of the user as to when the assay test result should be read (e,g. upon initial 
perception of iixe second signaU Of upon its perceived completion of development^ or at some 
intermediate point during the intervening IS seconds development lime?). 

Accordingly^ it is a prefenred &aiufe of the present invention that the signal development 
time of the second signal is less thdt^ IS seconds, preferably less than 12 seconddd more 
prefeiably less than 10 seconds, and most preferably less timn 8 seconds. In general, the 
Shorter the sigtml d&velcpment time the better, so as to give an almost instantaneous 
indi^tion to the usa inribffiin to read the assay zesi^^ 

Several metfiods of de^rea$big tlie signal development lime have been devised by the 
invoators* One technique is to apply a s^acate depot of conirol lateK-labelled antibody (odr 
ofiier labelled counol signal-generating reagrat in oliher embodiments) closer to the control 
zMe and/or in amoxe closely defined area. This is found efifective because the control latex, 
when resuspended by uptake of sample, tends to become rattier dispersed during ite 
mi^alion along the ass^ device^ so tfiat the control latex arrives at the control zone over an 
extended period. This dispersion can be reduced by decreasing the distance the control latex 
must travel befbre arriving at the control zone. Vms, for examplfii in one embodiment the 
time taken for the second signal to be fomied can be increased by shifting the control zone 
downstream, wldlst, at the same lime» Hie signal development time can be decreased by 
d^ositing tiba control latex olos^ to the control zone. 

Another, mote preferred, method of reducing the signal generation time is to increase tiie 
amount of control latex applied to the assay device. iMs is convenient]^ achieved by 
increasing the concentration of the suspension of control latex applied to the assay device. 
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About 2% w/v latex is particulaarly suitable wbich, for a typical embodiment, wowW result in 
flie depositLon of about 22 ng of conttol latex per assay device. 

lii a seccmd aspect, the invention proviiJes a method of performing an assay, comprising use 
of an assay device in accordance vnSx the first aspect of the tovention defined al«>ve. 

The various features of the nnveniion wiU now be described further by way of illustrative 
example and with refeteaice to the accompanying drawings* in whi«ih: 

Figures 1 and 2 are bar charts eompaiing the intensity of control sigoal generated after 40 or 
€Q seconds using assiQr devices comprising various nhxoceUulose membraoes; and 

Figure 3 is a gn©h of coirtrol signal mtcnsiQr (aibitajy "Quasai" raiits) against tune 
(seconds). 

IGixample 1 - Mndidating lime for Farmatt<ni of Second Signal (adjusting the "t^ifr^ 
A nnmbor of ejqperiments VMre poifbnned to demonstrate the feasibility of altering ^ delay 
between contacting an assay device with the sanqple and the fbnmation of the second signal 
hi the control zone. As a modeil, the hxventors i^ed tiie ClearblueF'^ pregnmcy test lot. 
cominen^any available from Unipath IM (Bedford. UIQ. 

In the contract of the Clearblu<^ device, it would be necessary for the control signal to 
form 60 seconds after comaoting the assay device with a wine sanQiK in order for ihe sig^ 
to mdicote additionally to a user that the desired amount of time had elagpsed and ibat the 
assay result -was ready to read. Preliminary tests sihowBdihat, with the existing Clearbluo"^™ 
device^ the control signal generaUy appeared 20-25 seconds after an fadtia] (20 second) 
ittcubadon with a urine sample. Aocordin^y. in order to modify die existing device it would 
bo necessary to delay the q>poarance of liie second aignal by 35-40 seconds. 
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Various ^proaclbe^ were investigated with a view to obtaining ih& desired delay in 
appearance of the second signal, 

1 . 1 The Gx^t approach was movement of the control zone downstream, further away from 
the wick* 

Tests were carried out to detennine the position on the device that the sample front reached 
at 1 mixmte. The value obtained wa$ 2S.0 mm measnred fiom the bottom of t3ie 
nitrocellulose. 

With the control line at 16.5 mm measured firom the bottom, downstream end, of die 
nitrocdllulose strip (the position of the control Ime in the curwot CleaBrblue"™ dwlce) using 
0.75% wAr solids latex and a 20 second incubation time for contacting with a urine sample, 
thai after 10 seconds the control line signal was already visible with an intenBily of 5 
Quasar (arbitaiy) units and after 60 seconds the hxtensity was at 12-13 Quasar units. (By. 
way of e(»g>lanation the Quasar™ appaiatus is a device used l>y the invraitors fbr quantifying 
the intensity of visible signals generated fay lateral flow test sticira: a Hght is shone through 
the test stick and the intensity of light is measured by a detector on the other side of the test 
stick: the proportion of %ht absorbed [and hence the intensity of the test signals] is assessed 
by comparing &e amount of light transmitted through the device m the presence and absmce 
of the signal on the stick). the control line at 2S.0 nun, the intently at 10 s^nds was 
approximately 1 Quasar unit and was between 6 and 8 Quasar xinits at 60 seconds* md it 
took 40 seconds to attain an intensity of 3-S units i.e; the lowest intensity at vdiich naive 
readers percdved a coottol line. Therefore movmg the control line position fiom 16.S mm 
to 2S.0 mm significmtly delayed control lixk^ fora]iafiotL 

1 .2 Slower Running Nitrocellulose 

It was proposed that using a slower flowing nitrocellulose membrane than that cunently used 
&t the Clearbhie'^''^^ device nuglit reiard ccotirol signal formation. The flow rate of 
nitrocellulose is controlled by the pore size, and this in turn is controlled eithte by the 
atnount of watn m the nitrocellulose mix (to control flow raies within a small range) or by 
ohan^ging the whole mix of the nitrocellulose (Le. ixliOOxpOjFatjng vai'ying amounts of 
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detergents, surfeetents. water and nihocdlulose). to cause a m^or alteration of flow tale. A 
number of membranes from hofb. Schlaisher and Scliuell GmbH ("S&S" Dasael. G^mmy) 
and MiUipore were tested: S&S 170/100, and tiie Mfflipore BBHow membrane range: HI75, 
HF90, HF120, HF13S, HF180. HF240. 

TTiB S&S 170/100 membrane was used in an expetimetrt wKh 100 nm diameler latex 
particles. It was foimd that the 100 nm latex was able to flow up to Ae control line pontion 
(16,5 mm) of the 170/100 nitiocettulose membrane within 1 minnte, but that 380 nm latex 
particles (the size used in 1he conveErtional Clearblue^™- device) took moie than 5 minutes to 
reachthecontrolzone. Accordingly,useof the S&S 170/100 membrane might be s>ritablei» 
ooi:gunction with smaller »zed latex particl««. 

An ejcperiment was also conducted oa control line generation using each speed of 
nitrooellulose fiom the HiPlow range (HF75* HF90, HF120, HF135, HFl 80, and HF240) of 
nitrocellulose membranes available fiom MilUpote coiporalion (Bedford, MA, USA), The 
nnmbeis rdte to the time taken in seconds for liquid to flow 4 cm iq» me strip w^^ 

in ^ MUUiXKe laboratotiea. 

The chamcteristies desired for the nitrocellulose membrane were that the control line could 
not be seen ^ 40 seconds (l.e. <5 Quasar units) after incubation with the sample but could be 
seen at 60 seconds Ci-e. >5 Quasar units). An intensity of S Quasar units was taken as being 
die mmimum signal iotmAty discernible by a naive reader. Tbe various membranes were 
tested with a urine sample withotrt hCXJ and with a urine sample which contained hCQ at a 
ooncentiation of 400 mlU/ml. The resuUa are shown in Figures 1 and 2 respectively. 

Figures 1 and 2 aw bar charts showing the intensity of the control zone signal (measured in 
aiWtary **Qua5ar»» units) after 40 or 60 seconds, fbUowing incubation with a wine sample 
devoid of hCG (Fig. 1) or containing hCG at 400 mlU/ml (Fig. 2), for the current 
aeaiblue*™ device and for each of equivalent deviioes prepared using a difiCferent Millipore 
nitroceUulose xnemhrano wiA a dififeocent flow rate. 
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The Figure show fhat the membrane best matchiing the desiirabb ciiteria was HF1S0» vvidCih 
gave a control zom signal with aa intensity below 3 units after 40 seconda, but a signal of 
about 1 0 wilt^ after 60 seconds, tegaxdless of whether the sample imder test contained hCG. 

1.3 Partial obscuration of the Control Zone 

If the control line weia allowed to fomi as notmal but its penseption by the consumer could 
be suffieiently retarded^ then it would be possible to delay the effective appearance of the 
control signaL The perception of the conttol line by the user could be retarded by laminatii^ 
a traoslueent material over the area of the control ascme. This would meen that only a 
sufiEiciently intense control line oouM be seen in tiie control zone by the user, 

Abaddng lemfaoiate (ARcare^™ 7823, firom Adhesives Research Europe Ltd) was secured in 
position (using adhesive tape) so as tiot to cover the test 2one» (theiefoxe the «qppeai!£aiCO of 
the test line itself was not atCered), but covering the control zone. The laminate used was. 
ttansluoent, with a milky appeatance and was placed on the side seen through the control 
window. This laminate slowed down the perception of the control lixie generation by 
blockmg out ^piiucoxhnately 5 Quasar units' worth of signal intrasity and therefore delaying 
visibility of the contxol line for the existing Cleaiblue^^ jQrom 20 seconds to 30 seconds. 
Samples of other laminate materials are curcexutfy under investi^ction. 

Example 2 — Beereasing Signal Development Time 

As explained above^ when the control signal is also perfonning a timer fhnction* as in the 
current invention, it is desirable that the signal development time is mixumided. The 
inventors performed some experiments to hivestlg)fite reducing the signal development time, 
in the conD^ of the conventional Clearblue^^^ assay device. 

The conventional Clearblue^^^ product contains approximately 7.$ |ig of control latex, 
applied to the device from a 0.5% w/v latex suspension. Test latex will also bind to control 
line. The inventors wished to determine if increasing the amount of control latex, deposited 
on the device would decrease the control signal develqcnnent time. An experiment was 
perfomied in which control latex was deposited onto an assay device firom a suspension of 
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0.75, 1 .SO and 2.0 % (w/v) latex, and iho sigiaii! development time compai:ecL The results are 
fihown !n Figixce 3, whidi is ^ graph of signal intensity C'Qwsai^' units) agdnist flme. 

Figure 3 shows that ft took 15 seconds fer the control Una to develop an intensity which 
could be seen by naXve readers (Le. 5 tmite) vAik contcol latest fix>m a 0.75% siigrpension. It 
took less fban 10 seconds for fhc control line to develop to the same intensity when latex at 
2.0% w/w solids was deposited. The lestvdts also showed that Hie intensity of 1he control line 
at 60 seconds was gxeatiiy increased fiom ib^ iniensi^ of 11 Quasar units obtdned using 
latex at 0.75% solids to 42 Quasar units obtained udng latex at 2.0% solids. 
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Chims 

1. An assay device to cteteimine tiie jxres^e of at least one aralyte of uite3ce9t In a liquid 
san«Jle> the device comprisxng means for gexi^aciati^g a first signal, or *test' ^goal, which 
indicates the pie&ence and/or emonnt of snalyte of interest in the simple; «nd means for 
genererting a second signal, the generation of vMdi second signal indicates hofh 

(a) ifaetesehas1>eensucce$9fidlyooxiducted»andl^ 

(b) sufficiexxt time elapsed fbUavdns 00^^ 

&r the test to be x0&d and the first signal to have been pzopedy generated, 

2. A device ficoosdixtt to daimi 1> v^^in the analyte is hCO« 

3. A lat^ial flow immnnochromatognqduc assay device aoooiding to claim 1 or 2. 

4. Adevioe accordingtoany one of claims 1.2or35 whecdbtLfhemeansfor generotixig the 
first signal, and the means for generating the second signal, comprise a latex-labelled 
specific blading teagent. 

5. A device according to any one of the preceding c1aims» whemn the second signal is 
generated about 1 minute after the device is contacted the sample. 

6. A device according to any one of die preceding claina£^ wherein the second signal is a 
visihle signal which appears hi a portion of the test device covered by a layer of 
transluceat material. 

A device acconding to any one of the preceding claims^ vdierein the second s^nal has a 
signal development time of less dian 10 seconds* 

A device according to claim 7, wherdin the second signal has a signal devebpment time 
of less d:ian S seconds. 



7, 

* 



8, 



[0025724 09-Jan-02 02:59 



09-JftN-2002 14S59 FROM KEITH U NRSH & CO TO PD NEWPORT FOX P. 25 



16 



9. A device accoiding to any one of fhe preceding claims> wherein the device comprises a 
depot of labelled, analyte-^ecific 'binding reagent and, downstream ^eo^ a depot of 
labelled, control specific Inndit^ teageat 

10. A method ofpia:fox3!ning an assay to detem^ 

sanople. the meOod comi»ismg die stq)s of: oontacting an assay device accocding to 
any one of claims 1-9 with ttie saroplc; observing the ^ypeaianw of the second signal; 
and obsenring the sqppearance of the fiist signed when tiie second signal b$$ appeared. 

IK A method according to olaim 10, wber^&e sample ia a sa^ 

12. A method according to claim 11, wherein the sample is urine. 

13. A method accoxding to any one of Kikams 10, II or 12» whereixi tibs m^yte of interest i$ 
hCQ. 
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ABSTRACT 



Title : AA&tfy Device 



Dtedosed is an assay device to detesnnine the ptesence of »t least oxia analyte of interest in a 
liqmd sample, the device GOmprising means for genisr^ing a fixst slgoal (the 'test* signal) 
wMdi indicates iSie pi^ence and/or amount of analyte of inteztist ip the sample; and mans 
for geneiadng a second sigadi, the g&asxs&on of ivhioh second signal indicates both 

(a) the test has been sucoessfolly conducted, aaid that 

(b) sufficient lime has elapsed follovving contact of the assay device with the liquid sanqole 
£to fbe test to be and llie fffst sigiial to have been prope^^^ 
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Figure 1 - comparison of control lino Bignal at 40 and 60 sec 
for nitrocellulose of different flow rates using 0 mlU/mL fiCQ 

urine standard 
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Figure 2. - Comparison of control lino signal at 40 and 60 sec 
for nitrocellulose of different flow rates using 400 miU/mL 

liCG urine standard 
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